~/ The management of pineal region tumors remains controversial. Advocates of a conservative approach emphasize the excellent results of radiotherapy, particularly with germinomas, while a number of recent reports have demonstrated the safety of direct surgery. In order to improve treatment planning, attempts have been made to distinguish the various tumor types by computerized tomography (CT) and by the use of markers for germ-cell tumors. This paper reports a study of 35 patients with pineal tumors including two ectopic germinomas. Pretreatment CT was performed in all 35 patients, and human chorionic gonadotropin and alpha-fetoprotein levels were assayed in 11. Histological verification was available for 33 tumors; the other two were characterized by clinical and CT features plus tumor markers. Of the 27 tumor operations, 21 were for a pineal mass and six for ectopic germinoma or metastasis. There was no operative mortality. Morbidity was minimal, and surgery did not increase the incidence of subarachnoid seeding.
p RIMARY pineal tumors comprise only 0.4% to 1.0% of intracranial space-occupying lesions in European and American series. 11,18,3~ Individual clinical experience of these tumors is thus limited, and their central location and relationship to the deep venous system constitutes a formidable surgical challenge. Over 70 years after Horsley 23 reported the first attempts at excision, management remains controversial; the dilemma was aptly conveyed by Cushing, 11 who stated that he "never succeeded in exposing a pineal tumor sufficiently well to justify an attempt to remove it," but he went on to say that irradiation was "a therapeutic shot in the dark so long as the tumor's precise histological type is unknown. ''H Traditionally, most authors have advocated surgical conservatism because of an operative mortality of 30% to 70% and morbidity of up to 65% following direct surgery. 10, 12, 22, 31, 43, 45, 47, 60, 73 Since 75% of the tumors in the pineal region are malignant and not amenable to total excision and a similar proportion are radiosensitive, irradiation following a drainage procedure was considered the treatment of choice. Surgery was reserved for the tumors that failed to respond. The results of this regimen have been satisfactory and without morbidity. This method of treatment has been associated with an overall mortality of less than 5%, and a 5-year survival rate of 60% to 75% 27,38,67,71,72 (85% for germinomas39, 46, 58) . A large number of surgeons continue to prefer this approach to primary surgery. 1,7,9,14,15.68 Independently, in 1971, Stein 5~ and Jamieson 26 reported surgical success in small series of pineal tumors. It is now established that refinements of diagnostic, anesthetic, and microsurgical techniques have reduced the mortality of direct surgery to under 5% and morbidity to a minimal level, s, 33,36,3s,51,57,69,74 The advantage of direct surgery is evident in the 20% to 25% of pineal region tumors that are benign, encapsulated, or radioresistant? 5,36,3s,~7 Malignant tumors also may be well demarcated and amenable to resection, 36 or sometimes contain cysts that may be evac-uatedY Other advocates of direct surgery include Sano, 51 who has suggested that reducing the tumor bulk prior to radiotherapy would improve the results, and Stein, 57 who has found surgery after irradiation difficult and hazardous due to adhesions.
In pineal region tumors other than germinomas, the results of radiotherapy are disappointing 3,39 and precise identification of the histological type is necessary if adjuvant chemotherapy or immunotherapy is to be rationally employed? 6 It would thus be of value if radiosensitive germinomas could be separated from the benign and radioresistant malignant tumors on the basis of clinical, biochemical, and radiological studies. Computerized tomography (CT) and other neuroradiological studies have been found to be useful in indicating the biological nature and histological type of pineal tumors. 25, 53, 64, 75 These studies can be used to evaluate tumor response to radiotherapy and thus allow the radioresistant tumors to be selected for surgical ablation. 19.27,42,59,7l However, some reporters have not been assisted by CT in distinguishing between the various histological types, s, 36, 57 The purpose of our study was to assess: 1) any clinical features distinguishing the various pineal tumors; 2) the sensitivity of CT scanning in making a presumptive histological diagnosis; 3) the role of tumor markers in management; and 4) the results of direct surgery.
Clinical Material and Methods
From over 100 cases with pineal region tumors in the records of the National Hospital for Nervous Diseases, Queen Square, and the Hospital for Sick Children, Great Ormond Street, London, we selected 33 patients in whom neuroradiological studies included CT, mainly performed on EMI 1010 and 5005 CT scanners.* We also included two further patients * EMI 1010 and 5005 CT scanners manufactured by EMI Ltd., 20 Manchester Square, London, England.
FIG. 2.
Computerized tomography scans showing a malignant teratoma: plain scan (left) and scan after administration of medium (right). There is an ill-defined mass within the quadrigeminal cistern protruding into the posterior half of the third ventricle and encroaching on both thalami. The tumor contains fat and flecks of calcification as well as enhancing tissue isodense with brain.
with germinomas confined to the suprasellar region. The clinical, CT, and other neuroradiological features were reviewed, and the results of the surgical treatment were assessed, although the follow-up period was limited.
Histological verification was available in 33 tumors; the other two, a germinoma and a teratoma, were diagnosed on the basis of characteristic clinical and CT features, combined with tumor markers and response to radiotherapy. The patient with germinoma presented with diabetes insipidus; CT showed discrete enhancing lesions in the region of the pineal body and the anterior third ventricle ( Fig. 1 ). His cerebrospinal fluid (CSF) contained epithelioid cells, and the level of human chorionic gonadotropin (HCG) was raised in both CSF and blood. With radiotherapy there was complete resolution of the lesion and the levels of HCG fell, thus confirming the diagnosis. The teratoma was diagnosed in an 8-year-old boy who presented with precocious puberty and a CT scan showing a mixed-density pineal mass containing fat (Fig.  2) . The blood levels of alpha-fetoprotein (AFP), HCG, and testosterone were raised but fell with radiotherapy; however, CT showed only incomplete resolution of the lesion.
Results

Summary of Cases
The series included 26 males and nine females, with an age range of 1 to 68 years (mean 17 years) and a duration of symptoms prior to diagnosis of 10 days to 2 years (mean 8 months). The tumors were 17 germmomas, six malignant and two benign teratomas, five pineoblastomas and one pineocytoma, three astrocytomas, and one subependymoma. The most c o m m o n symptoms (Table 1) were secondary to hydrocephalus (headache, vomiting, and drowsiness). Visual abnormalities, consisting of diplopia and deteriorating visual acuity, were also frequent. In 10 patients alteration of behavior, personality change, m e m o r y disturbances, or increasing irritability were presenting features. Diabetes insipidus was present in nine patients, including the two with ectopic germinomas, who also had visual defects and loss of libido, constituting the triad that is characteristic of these tumors.
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Papilledema was the most consistent physical sign ( Table 2) , followed in frequency by the ocular features of a tectal plate lesion (upward gaze palsy, and moderately dilated pupils exhibiting light-near dissociation and failure of convergence). Precocious puberty occurred in two patients, both with teratomas, one of w h o m had raised serum H C G , AFP, and testosterone levels. One further male with a g e r m i n o m a had hypogonadism and another with circulating H C G had gynecomastia.
Twenty-six tumors were subjected to operation, 19 by an occipital transtentorial and one by a suboccipital supracerebellar approach to a pineal mass, five by a frontal craniotomy for ectopic g e r m i n o m a or frontal metastases, and one by parietal craniotomy for a juxtaconvexity metastasis (Table 3 ). There were no operative deaths, but two of the patients who underwent surgery have since died: one with a malignant teratoma, who died 4 months after reexploration for rapid recurrence despite initial macroscopic tumor removal, and one with a malignant astrocytoma, who died 1 89 years after subtotal removal. The postoperative morbidity has been minimal and, apart from one child aged 2 years who is retarded, all the patients are functionally independent.
Germinomas
The 17 patients with germinomas included 14 males. The mean age was 16 years (range 2 to 48 years), and average duration between onset of symptoms and diagnosis was 7 89 months (range 10 days to 2 years). Polyuria and polydipsia occurred in eight cases, including the two with ectopic germinomas.
Cytological studies were performed on the CSF in nine instances and were positive in three. T u m o r 0  0  convergence  nystagmus  8  2  0  5  0  0  1  optic atrophy  3  1  2  0  0  0  0  sixth nerve  5  1  0  2  2  0  0  palsy  hemiparesis  3  1  0  1  1  0  0  truncal  9  6  0  2  0  1  0  ataxia  total cases  35  15  2  8  6  3  1 markers were assayed in five patients with germinomas; AFP was absent in all, but HCG was raised initially in three cases and undetectable after completion of radiotherapy. On CT, the pineal germinomas were all well defined, without surrounding edema ( Fig. 3 ). Ten were hyperdense and five mainly isodense on the plain scans, and usually showed marked uniform increase in attenuation after administration of contrast medium; however, in two cases the enhancement was slight. One germinoma was hypodense and a cyst was found within the tumor at surgery. In one patient, who developed diffuse enhancement around the lateral ventricles, a mainly calcified pineal mass was present ( Fig. 4 ). Another patient with an enhancing pineal mass had both periventricular and subarachnoid spread of tumor.
Six patients had suprasellar masses, three of which were relatively small but one was much larger than the pineal tumor ( Fig. 1) . Two appeared to be true ectopic germinomas presenting with large enhancing masses in the anterior third ventricle; in both, the pineal gland was prominently calcified, but there was no direct CT evidence of a pineal tumor ( Fig. 5 ). In 11 cases, calcification was present apparently within the pineal gland itself which was either surrounded or displaced by the tumor (Fig. 3 ); in only one case was there calcification apparently occurring within the tumor substance.
Skull roentgenograms showed a calcified pineal body in seven cases, and in one this was extensive; two of these patients were below the age of 12 years. Angiography was performed in seven patients; in four the germinoma was displayed as an avascular mass and in the other three there was slight to moderate vascularity.
Surgery was undertaken by an occipital supratentorial approach in seven cases and a suboccipital supracerebellar approach in one. Frontal craniotomies were performed for the two ectopic germinomas and the three metastatic lesions. Two patients were treated by ventriculoperitoneal (VP) shunts and radiotherapy. One of these patients died within 4 months, despite chemotherapy, and postmortem examination revealed seeding in the intracranial and spinal subarchnoid space. The other patient relapsed after a year, and a spinal block was demonstrated on myelography. A further course of radiotherapy was undertaken, but the response was brief, and at autopsy a pineal germinoma with secondary spinal tumors was confirmed. One patient, a 15-year-old boy, was investigated for dementia thought to be due to glue-sniffing, and was found to have a small pineal tumor. He died without treatment, and the germinoma was verified at autopsy.
Malignant Teratomas
All six malignant teratomas occurred in males, at a mean age of 131 years (range 6 to 26 years). The average duration of symptoms before diagnosis was 3 89 months (range 2 weeks to 1 89 years). Diabetes insipidus was the presenting feature in only one patient, but, as noted previously, both the children with precocious puberty had teratomas. Cytological analysis of CSF was performed in two cases and was negative. Tumor markers were sought in three patients; in one the results were negative, the second had elevated levels of H C G and AFP, and the third had a raised AFP and a negative HCG. Tumor markers were also sought at the follow-up examinations; in one case elevation of AFP indicated recurrence of a previously resected tumor.
Five of the tumors were of mixed density on CT, usually with isodense or hyperdense and (in one case) hypodense regions which enhanced. Three tumors contained fat (Fig. 2) and four were partly calcified. In one there was a small low-density nonenhancing region which was proven to be a cyst (Fig. 6) . Three of the tumors were well demarcated and three were poorly defined. In only one case was there a surrounding low-density area forming a thin rim around the tumor; however, in another patient a parietal lobe metastasis developed and this was associated with marked surrounding edema. Abnormal calcification was visible on skull radiographs in three tumors. Angiography was performed on four patients and revealed a well vascularized tumor in all cases (Fig. 7) .
Occipital craniotomies for direct surgical attack were performed on three malignant teratomas. Two patients were treated with drainage and radiotherapy: one died within 6 months and the second developed a parietal lobe metastasis 1 year later, which was successfully excised.
Benign Teratomas
The two males with benign teratomas presented at the age of 10 years and 16 years. The period between onset of symptoms and diagnosis was 2 years and 1 year, respectively. There were no clinical features distinguishing these lesions from other pineal region tumors; no tumor markers were found in the one case so examined.
On CT, both tumors were large, irregular, and well defined, without any surrounding edema. They were mixed-density lesions containing fat, one being partly calcified and the other partly cystic; the isodense regions showed patchy contrast enhancement (Fig. 8 ). Angiography in both cases showed large masses, one avascular and the other exhibiting a capillary blush in part of the tumor. Ventricular drainage and radiotherapy was the initial treatment in both cases, but direct surgery was required when clinical and radio-logical progression was discovered after 3 months and 7 years, respectively.
Pineal Parenchymal Tumors
There were five pineoblastomas, three in female patients. The mean age of presentation was 10 years (range 1 to 23 years). The one pineocytoma in this series was found in a female aged 38 years. The average duration of the history was 6 months (range 2 to 16 months). Diabetes insipidus was not a feature in these patients, and a complete Parinaud's syndrome was uncommon. Malignant cells were found in the CSF of one patient with a disseminated pineoblas- toma. One patient with pineoblastoma and the woman with pineocytoma were examined for tumor markers, but HCG and AFP were absent in both.
On CT scanning, the pineoblastomas were visualized as hyperdense posterior third ventricular masses with strong homogeneous contrast enhancement and no evidence of cystic change (Fig. 9 ). All were well defined and only one had peripheral edema. Two extended into the quadrigeminal cistern, two showed more extensive local invasion, and in one there was extensive metastatic seeding ( Fig. 10 ). This 4-year-old child became paraplegic 3 days after a VP shunt was inserted, and a myelogram showed multiple spinal masses; these were confirmed at autopsy 1 week later to be metastases from the pineoblastoma. A second child, aged 9 years, was treated with a shunt followed by radiotherapy. A scan 3 months later showed resolution of the tumor, but the patient returned within a year with multiple intracranial seeding, proved at necropsy to be from a pineoblastoma. The pineocytoma was a low-density mass with marginal enhancement on CT, and was shown to be cystic at surgical excision via a supratentorial approach. Skull x-ray films were normal in all six cases. Angiograms performed in four patients showed some increased capillary circulation in three and an avascular mass in the fourth. The three pineoblastomas that were treated by surgery were excised via occipital craniotomies.
aliomas
The three patients with gliomas were aged 6, 17, and 62 years, and two were males. The average duration of symptoms was 71 months. Diabetes insipidus was not a presenting feature. The CT scans revealed well defined pineal region masses. Two of the masses were asymmetrical, and probably arose from the me- dial aspects of the thalami (Fig. 11 ). Both of these were mainly isodense with brain; in one contrast enhancement was homogeneous and in the other it was peripheral around a small low-density cyst; in this case there was surrounding edema. The third patient had a small hyperdense, homogeneously enhancing mass adjacent to the calcified pineal body which was depressed by the tumor; there was an additional small mass without surrounding edema within the left caudate nucleus.
In none of these patients was calcification visible in the pineal region on skull radiographs, and in the single case subjected to angiography the mass was avascular. The patient with the left frontal metastasis was treated by drainage and irradiation, but within a month he suffered a fatal intraventricular hemorrhage. Autopsy revealed a large pineal glioblastoma multiforme with a separate subependymal nodule projecting into the left frontal horn. In the other two patients the glioma was verified by biopsy.
Subependymoma
The single subependymoma occurred in a 31-yearold woman who presented with a 2-year history of progressive dementia. The tumor appeared on CT as a well defined mixed-density homogeneously enhancing mass involving the pineal body, the posterior part of the third ventricle, and the superior cerebellar cistern. It was avascular on angiography and was removed via occipital craniotomy.
Discussion
A wide variety of tumors occur in the region of the pineal body; histological classification has been simplified by Russell and Rubinstein, 49,5~ and the scheme Fro. 11. Computerized tomography scans showing an astrocytoma: plain scan (left) and after intravenous administration of contrast medium (right). There is a mass with the density of brain projecting into the posterior half of the dilated third ventricle. The left side of the mass blends with and apparently arises from the medial wall of the left thalamus. There is hydrocephalus with periventricular lucency. presented in Table 4 is based on their work. Germinomas account for 60% of these tumors, 14,27,43,Ss,Tz and detailed studies 39,~s,68,7~ have shown that they are so highly radiosensitive that there is no significant difference between the survival of patients irradiated after direct surgery and those receiving radiotherapy alone. We have reviewed the clinical and radiological studies of our patients to establish any criteria by which germinomas (which are curable by radiotherapy) can be distinguished from benign and radioresistant malignant tumors. On the basis of our data and review of the literature, the features of the main types of pineal region tumors are presented ( Table 5 ).
Clinical Features
Most posterior third ventricular tumors present with symptoms of hydrocephalus due to obstruction of the aqueduct, but the characteristic feature is Parinaud's syndrome, 4~ which was present in varying degrees in the majority of our patients and more often with germinomas and teratomas than other tumors. Endocrine disturbances are frequent, most commonly precocious puberty, hypogonadism, diabetes insipidus, and anterior pituitary insufficiency. 4 Precocious puberty, as in previous reports, ~,13,29 was more frequent with teratomas than other histological types. Diabetes insipidus may be the first symptom and, as was seen in two of our cases (Fig. 12) , can occur months before any other clinical or CT evidence of the pineal tumor. It is a constant feature of ectopic germinomas 48 and, in our experience, is more common with germinomas than with other types of pineal tumor. The predominance of males among patients with intracranial germ-cell tumors, with the exception of suprasellar germinomas, has been well documented, 14,~~ and these patients present most commonly in the second decade. 68 Thus, a pineal tumor in a young man is likely to be of germ-cell origin and in a woman of parenchymal origin.
Cerebrospinal Fluid Cytology
Cytological studies of CSF have been employed in the diagnosis of pineal tumors, and are particularly valuable in germinomas which tend to seed the subarachnoid space. Ueki and Tanaka 68 and Inoue, et al., 24 have found the characteristic large tumor cells and small lymphoid cells in over 80% of germinomas subjected to repeated examinations. Sano 52 achieved a positive diagnosis of germinoma and pineoblastoma in 60% of cases using millipore filtration followed by tissue culture of the filtrate. We have obtained a 
Tumor Markers
A number of cases of intracranial germinomas have been reported associated with secretion of beta-HCG. 36,63 However, not all germinomas produce this hormone, and we found raised levels in only three out of five patients assayed. In addition, malignant teratomas containing elements of choriocarcinoma may also secrete HCG. 2,2s Alpha-fetoprotein is specific for malignant teratomas, 61 and a germinoma can be excluded if it is present. Its secretion seems to require yolk-sac elements in the germ-cell tumorfl 7 it has been reported in association with endodermal sinus tumors and embryonal carcinomas. 32 '34'41'54'65 In two of the three malignant teratomas assayed, AFP was present and, in conjunction with the characteristic CT appearance, will allow a firm diagnosis without biopsyY ~
Radiology
In recent years, attempts have been made to predict the histological nature of pineal region tumors from the CT appearances. 17,6<75 Dermoid and epidermoid cysts and typical teratomas can often be recognized, 35,66 but the distinction between the other types of pineal tumors has not been found possible in some series, s,17, 36 We have found that the most frequent pineal tumors (germinomas, teratomas, and pineal parenchymal tumors) each have a typical CT appearance, although in the individual case a firm diagnosis is not always possible. The germinomas tend to be well defined, slightly hyperdense masses associated with an increased incidence of calcification in R. Jooma and B. E. Kendall the pineal gland which lies within or adjacent to the tumor; calcification of the tumor tissue itself was seen in one case only. Enhancement is moderate and generally homogeneous; if an additional lesion with similar enhancement characteristics is shown in the suprasellar region, a germinoma is strongly suggested, and the diffuse periventricular enhancement seen in two of our cases is virtually diagnostic of a germinoma if a pineal mass is present. 16, 62 Calcification in tumor substance is strongly suggestive, and fat within a mixed-density mass is diagnostic, of a benign or malignant teratoma. Ill-defined tumor margins and surrounding edema are indicative of malignancy but these are infrequent findings and most malignant tumors are well demarcated.
Pineoblastomas are hyperdense masses exhibiting marked contrast enhancement. They are indistinguishable from some germinomas but, in contrast with some previous reports, 17,75 we did not find increased or premature calcification of the pineal body in association with this type of tumor.
Angiography can assist in the diagnosis of malignancy if irregular pathological vessels are shown ( Fig.  7) . It is mainly useful for revealing the degree of vascularity and mapping the position of the major vessels prior to surgery, thus indicating the most suitable approach. Anterior and posterior extension is well demonstrated by axial CT, but the precise relationship of the tumor to the tentorium and the amount of posterior fossa extension is best shown by imaging in the sagittal plane. Angiography will show this well, but high-resolution re-formatted CT, where available, has the advantage of being noninvasive.
Surgery
In this series, which covers the period 1974-1981, direct surgery of pineal region tumors has been without operative mortality and has been associated with negligible morbidity. The occipital supratentorial ap- 26, 33, 43 was most commonly used on our series, but when the main extension of tumor was infratentorial, the supracerebellar approach 5~,~6 was preferred. The parietal transcallosal exposure of the pineal developed by Dandy 12 was not used, although some still advocate it for lesions lying within the posterior third ventricle. 6~ The surgical route is determined by the direction of the major extension of the tumor modified by the experience of the surgeon. 69 The concern that surgical intervention may increase the incidence of meningeal seeding 27,59,6s,7~ has not been substantiated, a6,39,46,74 and in our series spinal metastases were not seen in the surgical group. Indeed, all four patients in whom these occurred had been treated by drainage followed by radiotherapy.
Radiotherapy
Most patients are irradiated after direct surgery for malignant pineal tumors, 25,26,47,51,6~ and the optimum dose is considered to be 4000 rads to the entire ventricular system, followed by a boost to the tumor bed to 5000 rads. l~
Recent work has shown that germinomas, like the testicular seminomas, resolve radiologically with irradiation of 600 to 2000 rads. 24,39,6s,72 While this is potentially of great value to children in particular, experience has shown that, despite the demonstration of regression on CT following radiotherapy, the tumor may remain active and seed in the subarachnoid space, s,36,74 Prophylactic spinal irradiation remains controversial 71,72 and some workers have used CSF analysis to select patients at risk. 3~,39 However, as noted previously, CSF cytology is not a sensitive indicator of meningeal seeding. In view of the demonstrated potential of these tumors for subarachnoid dissemination, our patients with germinomas and pineoblastomas have received craniospinal irradiation.
Conclusions
Although our series demonstrates the safety of direct surgery for pineal tumors, the number of cases and length of follow-up review is limited and does not allow conclusions on the effect of surgery on the prognosis. Our data suggest that most germinomas can be recognized from the clinical and radiological criteria previously discussed and, with a presumptive diagnosis, these patients should receive a trial of irradiation of 1000 rads in five fractions followed by a repeat CT scan and estimation of HCG if this was positive initially. An early response would provide a "biological biopsy ''2~ of the germinoma, whereas, if the response is marginal, a further week of therapy and then reassessment should be undertaken. If the tumor does not respond to 3000 rads, relative radioresistance is implied and operative treatment is indicated. Teratomas and pineal parenchymal tumors should be subjected to early surgery because the response to radiotherapy, although variable, is generally unsatisfactory. 68 The planning of adjuvant therapy, including the extent of the field of irradiation, is modified depending on the precise histology in the case of malignant teratoma ~,44,65 and the differentiation pattern of pineal parenchymal tumors. 21 
